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Abstract

Sagehrush (Aricmisia) steppe b5 the lergest of the semiprd vegetation types in North
Amenie, pacupving exteosive areas of the Columbia and Snake River hasins, the northern edge of
the Great Basin, pad somthwestern Wyoming  Nevertheless, sagebrush-dominated communities
have been listed among the mostepdangered North American ecosystems because of losses to

agriculture. Guergrazng, and mvasion by alien annuals. The ldeho MNational Engineering and

Envirenmental Labormtory (INEEL ) accupses some 2,315 km® of sagebrush steppe on the castern

Snake River Main  Fxclusion of domestic foestock from some 990 km® {0 1950 and 1957 preated

the largest of the few protecred reserves of this extensive vegetation type.

Permanent vegeution ploss wirre established at the INEEL i 1950 and have been sampled
nine tnes i U mlervening veuss, providing the spporiumity 1o study vegetation dynamics i a
large ares of natural sagebrush steppe i the shsence of prazing by domestic hivestock, Merg we
sepory patterns of change moeover, density, and disinbubion of major species and {ife forms that
have occurred pver & 43-venr period  We analyee dats for 47 “oere” plats located op condral
peruons of the INEEL i the aren closed 1o livestock grazing amd foo 33 “peripheral” plots located
et the penphery of the INEEL n sress open 1o Bvestock grazing. We also assess wends in species
richngss and relase those rrends o wital plagt cover and vargtion i oover, and we assess trends m

plot sinalarty tuough e

When the first vegetanon samples were taken in 1954 and {957, the area was in the depths
of # severe droughy, i the 2 decades preceding 1957, annua! precipitation exceeded the long-term
mean only tour tmes, O the core plots, wotal cover of shrusbs and perennial grasses was only
8% m 1954 and the vegetanon was heavily dommated by shrubs, especisliv Artemsra mideniaia,
which contmbuted 89 of the shrub cover. Perennial grasses covered only £.3% of the ground 1a
1950 s response w0 mereased procipitation, shrab cover inereased by from 17% in1950 10 25%
by 1903, and an exponental merease in the sbundance of perenttal grasves resulted in 3 13-fold
increase from 4 46% 1 5.2% by 19T Subsequently, shrub cover las fluctuated berween [18%
and 4% snd vhin of perennal grasses between 4% and 4% The samphing frequency is not
adequate o detfermine how closely vaniation in cover corresponds w that of pracagpitation, hut

correlaton asalyses indicate it there may be lags of from 310 % vears in the response of species
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or funcuiona! groups w precipitalion parerns  Vanation 1 the cover of perennial grasses and that
of shrubs was out of phase iy the thres most recent pensuses

Other than the incresse in cover of perennial grasses during the first 2 5§ decades and the
genoral increase in average specivs tichness, we found little evidence of directianal changes
plant species composition. The oaly obvious directional change among the common shrub ot
perennial grass spewies was a consistent ingreasein the cover of Chrysothemmes viscidiflorus.
There was no evidence of seral replacement among the perenmal grasses, nor did menmbers of this

functional groGp tond o respond 1 concen throuds timse

The distinbution of Sromus tecrorsm s ibe INEEL expanded rapidiy i the decade
betwaen 1965 and 1975 This ovcursed on the core plots in the shsende of any mator distuwrbance,
demonstraling that A fectory can invade sabive vegetation withou facifitation by disrurbances
such as livestock grazing or fire However, vigorous populations of nitive species appear 1o be
siting the shundance of this exotic speoies, even ou most recently burned sreas Althouh g
presence does not appear to by o magos theeat 1w the integrity of most INEELD plant communities 1
the core sres 9t this nme, B sectoreys has become a domisant on solated petehes and on some
arcas that have buen heavily wruzed by sheep in recent vears. Further research and montonT e
necessary 1 better assess is potential for facilitating the conversion of natural shrub stegpe at the

INEEL w fire-prooe amnosl commumiies

Species nchness across sll plots has not changed apprecisbly since 1950, but the mean
number ol species of shruby, perennial grasses. and perennizl forbs recorded per plot bas generally
wcreased over the 43.vear perod. This idicates char populations that were smathamd solated n
1958 bave snoreased in ste amd distribution. The perwd has also evidenced 3 substamial merease
in heterapeneity in vepetalive sorocture among sample plots. We were unable 1o find any
evidence of common tareciories of vegetaton change smong piots | Mesn percend semilarity of
the gore plots decreased from 72% m 1950 w4085 00 1995 Thus s the number of species per
plot incressed. the plots diverged tnterms of their species composition und vegetative cover. We
believe that these tronds are largely the remli of Virecovery of vegetation from drought and
srazing 85 onoe deplesed popalations moreased w size, 2 an inerease moihe extemt towhich fine-
seale vasistion in resoures avidlahiny wtluenced the distribution and abundance of species, and

33 ine effecss of stochustie feclors thal influended propagule dispersil and the colonzation of safe
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sites. The data cleardy show that 2 largesscale perspective i necessary 1 undersiand the
vegetstion dynamics of ths shrob sieppe

Vascular plam cover was positively correlated with mean species richness of shrubs, of
nerenmial grasses, and of the two groups combined.  The relative change in cover from vear o
year was negatively cortelated with shrub and perennial grassspectes richness  These patierns are
consistont with the hypothesis that hagher nichness results an more efficient -or thorough use of
limmg resources Alernatively, higher richness may retlect higher resource availability and/or
{ncreased probubility of & species being present thar can take advantage of prevailing
environmental conditions

In gmﬁrai the same kinds of changes have oceurred ob the core and peripheral plots,
indicating that the same mechanisms have been responsibie for the roughly parallel changes aince
1950 Vhese include o large incresse in shrub cover during the first 210 3 decades, large incresses
in the shindence of perenmal grasses since 1950, wcteases in mean richness per plot, and an
ingresse in heterogenety among plots. The overall stracture of the vegetation on the 1w groups

of plots was alse guity sunalar at the latest samplmg

We emphastze that it is not appropoals 1o consirae this is any way as 8 study of the effects
of livestock gramnge. The perpheral plots are not s representative sample of the ares open 1o
Beestock grazng, gnd data mre ot available on class of ock, mensty of grazng, or season of
use for andividual plots over the 43vear penod  Furthermore, diflerences in glevation und in
heteropeneny between the core and penpheral plots wiuld confound any such analysis,

Diesigration of the INEEL g5 a Manena] Envirommental Research Park i 1975 emphasized
s mporace a5 8 Beld lahoratory for eevlogical research. The sheer size of the core ares makes
# umgle among proweeted sressoof sagebrush steppe, an ares large envugh 1o study Tandscape.
tevet processss and (o acoommodate natiral population fluctuations and disturhance resmes . The
care area should be managed a5 & sataral preserve, insofir as possible Anthrapogenic
disturhunces should be manmmzed, exchssion of hvestock from the aore grea should be continued,
mtrsduction of non-natve species should by mmmimized, and an aggressive weed control progaam

should be implemented
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Introduction
Large postioss of the Columbias and Snake River Platesus, the northern edge of the Great
Basin, and southwestern Wyoming are covered by sagebrush steppes (West 19833) These

summinities are-charactenistically dotitinated by woody members of the gems driemisiaand

perennial bunchgrasses West {19834} estimated that sagebrush steppes oceur on some 4.48 x 10°

%m’, making this the largest “ecosystem type” of the North American cold deserts Sumilar
sagebrush-domnaed communities ostupy about 18x 10"k of the Great Basin and Colorado
Platean where non-halomorphic seils prevail, except that perennial herbaceous speoies are
generally iess sbundant (West 19830} It isthought that the relative proparions of gasses and
shrubs that existed under pristine conditions @ these steppes reflect the degree of andaty of the
site, with more xerie conditions Brvoring domsnasce by sagebrush and comparion styubs {West
198303

The semi-and, contiental cimate of the segion pecupied by the sagebrush steppesis
chavactered by large diurnal and seasonal semperature fuctuations (West 1983a, Calbwell 1985,
Smith et 2) 1997 Dunng summer, bow hosudinesand clear skies resul 1a Tigh remperntures and
high evaporative demand during the day, while at night raped radiaive cooling protduces relatively
jow termperatures. Winters are cold, with seversl months having mesn temperistures beiow
Freezing: however, mountam ranges 1o the north prevend most polar wi masses from reaching the
aren {West 1983s) Snow cover muy persist-for periods frome weeks 1o over 2 mombs, Most
precipitation i derived from air masses moverg off the Pacific Ocean. West {19834} reported an
average anmugl precipration of 296 men for selected stations. Roughly 0% of the precipitaion
fatls berween Dlotaber and Aprtd, mwch of 2 as seow, meelting snow and spring rains accourst for
most of the annual recharge of soll mbisiure (Caldwetl 1985, Anderson et ol 19871 Summersare
very dey, particularly tnowestern porions of the reglon {West 1983a). and precipitation from
supimer storms ressheonly mowetting of the top few cemimerers of the soil profile {West 1988,
Catdwell 19%51 Poremtin! evapotranspieation gresthy exceeds proopratios, and all of the plant-
avatlable soil motsture s used gath vesr é‘i‘amﬁmﬁ and Harmis 1977, Anderson et gl 19873 The
predictabilily of the snnual cvcle of moisture availabilty epparestly has selected for similyr

pavterns of water use among the domman speces (0 aldwell 1985, Anderson ot ol 1987)




Where water for iragation s available, arable portions of the onigmal sagebrush steppe-.

have largely been converted vo apniculiure; the remainder 35 used primarily for Bvestock grazing.

Livestock were introduced to the region in the mid 1800, and by the end of the centary the
grazing capacity of most sagebrush-dominated rangelands had been exceeded (West 19835)
Kative perennial grasses and many native forbs are highly patatable and sutritions, snd moderate
0 heavy grazing by livestock t:m‘icut‘iy increases dominance by unpalatable shrabs such as
sagebrush, Hall {1976} estimsated that the loss of native perennisl grasses and corresponding
ingrease m sheub cover reguired only 190 1o 15 vearsof heavy bvesiock use. Sagebrush steppe
rangelands continued 10 support large numbers of fvestock through the first half of this century,
and degradation of the plant communities onmuch of the ares was severe (West 1983a) The
original grazing capaeiy of these ranves was estinated as U85 antmiul unit monthy (AUM) per ba,

whereas the capacily 1n 1970 was estimated 1o be 029 AUM ha-1 - Although stocking raes

- generally have been reduced since the P30, most of these rangelands are still used for vestock

grazing and many have shown fitthe recovery,

Alien annua! species, wipecially chemgrass { Bromms tectornmy, rapdly imvaded
overprsred tangelands duning the early 19005 {(Klemmedson and South 1964, Mack 19815 Mack
{198 1) reported that #- tectornm wis ompigresent on some 310,000 km® of the Inlermountain
West. gnd on many rangetands 1 was the dominant species. Dense stards ol B, recroram and
other armuals have yreatly increased the fire fregqueney on sagebrusk rangelands (Klemmedson
and Seith 1964, Young and Evans 1978, Brown end Minnich 1986, Whisenarnt 1990, Knick
1900, virtually eliminating perennsal shirubs froom the commumties in some areas. Thewe
conversions 1o.an annual system appear 1o beireversible {(Daubenpure 1970, Young and Evang

1973, Kok 1999y o uniike-the amnusl grassiands of Californig.

Despite their ares! oxtent, ssgebrush-dominated communmies are smong Nonk Amency's
erascatly endangerod coosystems as & consequence of Josses to agriculiure, Lonversions 1o exotic
ansual communities, or degmdaton due 1© severg overgrazing {Noss ¢ g 1995, Christensen o
al 199G} Few relicts of sawebrush steppe that have not been heaviby grazed by domestic
Fvestock exss, but those that have been studied provide some indicanon of the composition and
porential produetivity of these sungelands (Passey et al. 1982, Kindschy 1994 Such studies may
provide & very Bissed view of preseulement vepetation, hiowever, because the sefeation of sites is

based largely on the investigaton's perceptions of pristine. Few data are availabie that provide
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insight into the spatial heterogeneity ot variation in composition that might have existed in

presettioment times  West {19831) noted that sagebrush may comribute up a3 T0% of the plant-
biomass on sites that have oot heen grazed. Some ungrazed kipukas in southeastern Idsha have

pearly pure stands of sagebrush, while others suppart communities that-sre dominared by
perennial bunchgrasses and have sbundant forbs (JEA, personal observation). The studies of
Passev-eval (1982 show that annual productivity varies strongly with climatic conditions,
including condinons of the precediog vear or two! Passey unid Hugie (1963 ) reported & three-fold
YEAT-1-VAr VENSHOR I peak biomass "v’az‘im.i‘m&ﬁf evcffi hzgher magmtde have been reported
i communities donunated by 8. ectrwm (Klemmedson and Swath 1964) and stands of the
mtroduced crested whestgrasses (Agragwrion crostatim and A, desertorum) {Sueva 1973, Sharp et
al 1992w the sagebrush steppe region. Abovesground productivity of e stand of 4. crustaium
and A deserioram in southern Jdaho varied from 1530 10 1200 kgfse over s 35-vear pesiad, 2%
of the vangshility was accounted for by saration i May-June preciputation {Sharp ¢ af 19923
Aside fromthese studies, wit know Bintle of the magnitude or mechanisms of Joug-ténm vanations

in productivity oF species Sompositing it the absence of hivestock grazing

1e 1950 and. 1957, 2315 ke of sagebrush steppe oo the upper Snake River Plain were
purchased or withdrawrn from the public doman to form what 18 now designated as the Rehe
Nugiona!l Engineening and Environmenral Laboratory (INEFL, P 1y Abous 43% of the ares has
been closed m grazmg by domestic stock since at least 1957 Mostof thst ares was closed to
grazing i 1980, and wraring kel was restrivted on guich of it while # was ysed a5 o Naval
gunnery ranee during Workd War 1 The sheence of anthropogenic disturbances over most of the
zres, coupled with data from permanent vegetanon phots, provides 2 unique opportusty 1o stedy

vegetation dynamics in g large ares of natural sagebrush steppe.

Here we present analvses of date coliecyd berween 1950 and 1995 from permanent
vegetation piots. The obiectives of ths study were 1y

i Describe patterns of change To eovey, densiry, and distribusion of nuyor speses and fife
foirms that bave seewrsed overthe $5-vear period

2 Deternuoe the relative conlributions of shrubs, perenmial grasses, perennial Rrbs, and

arntials to total wasculor plant cover alter 45 vears wathont Bvestotk grazng.
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3 Examne the magnitude of fluctuations in species abundance that might be expected in
& sagebrush steppe in the absence of major arthropogenicor natural disturbances.

4. Determine whether changes in the abundance of major species of life fortms are related
10 precipitation paticres

3 Assess trends in species nchness and determine whuther fotal plans cover or variation in

-¢aver through time is related to specics rickngsy

%, Determine whether thers is a relationship hetween toral shrubs cover and total grass
Qover

7 Assess changes in plot similarity through time

¥ Compare wends for the area that has been closed to hivestock prazing 1o those in the

ares open 1o hvestock

Siudy Ares

The INEEL lies at gn average elevation of sbout 1500 m on the western edge of' the upper
Kuake Faver Plamn m southesstern abo, USA $43° W, 112" Wi (Fig. 1) The srea lies i the ran
shadow of the numerous mourtam ranges of centsal Idabo.  Average annual precipiration is 220
. Precipianon tends 1o be uniformly distributed throughout the vear except for a strong peak
carky i the growing season (Fig. 23 On average, 375 of the annual precipitation falls during
April, May, end June, May and June are the wenest months (Fig, 2} The frost-free perod

averages aboat 90 days but has ranged from 68 « 123 days over 4% vears ol record

The Snske River Plan was formed by the eruption and emplacement of great masses of
vodesmre rock (Nace et gl 19723 Surface feanures st INETL that reflect o long history of volcanic
activity include three prominen bustes gad somé 22 well defined cones, craters; and vents (Nage
st al 19723 Moseof the ares eeoupicd by the INEEL w5 a relatively flat plain, but the terram i
frequently broken and undulating because of underlving hasalt flows. Lava omorops are common.
Wearhening and eroson have had little impaet on the ordpinal morpbelogy of the emplaced lava
{Nace etal 19723, thus most INEEL soils are of acolias odgin denved from older silicic
wolcanics and Paleozoic rocks from the surrounding mountauns {McBode ot ol 15781
Asoumulanons of sand on Jee sides of outcrops, fn depressions, and on dunes result in abrupt

gradients i sodd texture that may influence plant species composition ever relatively sho
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Calciorthids being the most common great group. Entisols, namely Torriorthents

Torrifluvents, and Mollisols. including Calcixerolls, are also common.

Yegetation gt the INEEL typically is charscrerized by an overstory of big sagebrush
{Arremisur ridenzata), two subspecies, A, ¢ wiommgensis and A tridenati, are common
{Shumar and Anderson 1986} Other common shrubs include Chrysothammes viscidifforas,
Leprentaetylon prngens, Untierrezia sarothrae, and Gragna spinova. Pevenmal ginsses, meluding
Fseudoroegreria spicaie, Fiymay Jancentats, Bl Ai’.{i‘&tﬁf&t&, Chrymopsis kvmepoidys, and
St oo, are wypically the most abundant herbaceous peremssials, butthe area also supports a
diversity of forbs {Tabde 1) Anderson etal (1996 provided & wenersl deseription of the
vegetation and a complete forg

Use of the srea ocoupied by the INBEL prior 1o 1950 18 not well documented. Much of'the
upper Soake Rover Plate has bean grased by Bvesiock since the lute 1800's {Hargiss P968) The
ares was crossed by z tral wsed for moving cantle wo eastern markets during the lare 1870, and &
wis used extensively for spring dnd (el sheep prazisg Harmss and West (19739 concluded the
the ares was severely avergrazed pror ta 1950 The low cover of perennisl grasses in 1950
suppons that conclusion (Anderson and Holte 19813, but, as shown below, protonged droughn

during the 1930 and $0°% may have exscerbated graring impacts

Although domestic livesiock have been excluded fram a portion of the ares sinor 1950,
mative horbivores sre common and sometimes very sbundant. The area provides winter range fiv
large numbers of groaghorm (delocapra ;m:?x‘jumm} somne pronghorn and 8 fow mule deer
{Cdorosiens heatiinnesy are veationg residents. Elk (Cervas elapluesy eolorized the INBEL during
the rmid 198s (Morivz 1988). and 1wo herds of sbout 81 anunals each wers present by 1989
iSwohmeyer 19925 Since ther, mumbers have vared 1o ansual censuses from 53 im summer to
over 3530 i wintes (R Warren, unpublished data) Populativas of black ailed jackeubbits (s
valtfornicnsy are cyebo, reaching fagh densives af approxommely [-vear intervals § Anderson and
Shumar 1986 The most recem notewonthy peak in the jackrabbn popuiation occurred in 1981
when densities reached spprosinaliely 2 jackmabbits'he. Except for & misor incresse in the early
P90 (Porth 19953, fackrabbit populativng have heen very low sinee 1983 (. Anderson and R

Warren, unpublished datg). Scavered popuisnions of costonasl rabbits (Xvlvilagns nuttalia) sud

e
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pyemy rabbits (Sydeddapus sdishoensix) also exist [Wilde 1978), and small mammals can be locally
abundam (Groves and Keller 1983}

Methnds

Precipuation Do ard Estimates. Precipitation data from the station at the INEEL Central
Facilities Area arc available from 195D 1o present. To estimate INEEL precipitation priorto 1950,
data froms 1950 through 1990 from three surrosmding locations, Arco, Blackfoot, and Tdaha Falls,
‘were used as independent variables in a stepwise multiple regression with acual INEEL
precipitation asa dependent vaniable. The independent variables that explained the greatest
amonnt of variance 1o the actual TNEEL precipitation were tised 80 estimate precipitation from
%0 1940 This process was done separately for wtal annual (September through Aupust) angd
for growing season {April through July) precipnation. Data from Arco and Blackfoot wogether
explamed the grestest amount of varsanoe 1 INEEL precipiation. For years in which dats from
ane o both of these sites were missing, data from the available sites were used 10 estimate INEEL
precipitation  Average snnual and growing season precipitation were cakoulated using estimated
and acual INEEL ﬁms from 19035 through 1986 Pive-vear sliding averages were caloulated by

averaging precipitation i the corrent vear withe that m the 4 preceding vears

Hormanent Vegetation Plots. Vegeation studies were winizted at the INEEL s 1950 with the
estahlishment of 94 permanent wmgﬁ%&t plots glong two perpendicular fines (Fig 13 Most of these
were 4t §O-km intervdls, but intervals were shorior fesr the buttes on the southorn and castern
sder of the INBEL  Two plots were distroved prior o 1957 The remaining 52 plots were
sarapled 1 1930, 1957 1963 1975, 1985, and 1993 A subser of 35 or 34 plots, correspanding to
thase analvzed by Anderson and Halte {19815 and Anderson { 19863, was sampled in 1978, 1983,
and 1900 Onher spalyses of data from these plots include Harnisg {19685 and Hamiss snd West
{19734

Forty-three plots are within the area that is closed (o hvestock grazing (Fig 11 We
included four addiional plots as “closed” becuuse they have been inaceessible to hvestock since
the INEEL was estabhshed (see Appendixi  Thes closed area comprises the central portions of the
INEEL. which lic e the lowest elevations.. The sbsenve of Psewdoroegneria spicany over most of
this ares indicates that 1t 15 generally more and than the periphery  Anderson and Holte (1981}

subectively chose 36 of these plots thought o be representarive of réasomably homogeneous sites

9




and vegetation for analyses of long-term trends For the current study, we performed nuRerous
cluster analyses gnd ordinations of the deta from all 47 plots within the closed arcaand all years
These analyses failed to confirm the 36-plot selection m‘widenﬁ??y g consistent bomogenous
subset of plots (results not shown) Therefore, we used data from all 47 plats for the currem
analyses whenever possible We refer to these as the core plots For some analyses, we used data

fromm the 35 core plots that were sampled o every census vear

The remaining plots, which we refer 1o as peripheeal, are at more diverse elevations and.
therofore sample much more Beterngeneois vogetstion. Many of these plots e ai higher
elevations than the core plots: the presence of Paeadoropgreria spioare apl driemisia tripartita
indicates that they lie in areas rceiving higher precipimtion. Other peripheral plots.on the
northeast end of the longer rransee! (Fig 1) are at lower elevations and suppon sali-desert
vegetation  Although these plots all fie wathin the arva that 15 open 10 Bvestock wrezing, they
cannot be considered a represessative sample of that areq, for they sample along only {our shont
ransects wathin that large ares (Fig 1) Funtheomere, they sre hotorngeneois with regpest 1o type
af livestock and sesson of use  Plots un the north and east sides of the INEEL tvpically are grazed
by sheep 1 the spring sndior fell and wamer Plots on the somh snd west siles asuatly have been
grazect by cantle during sprng and summige, bul recenthy the west side bas been grazed by sheep
garty i the season  There are no records of intesity of use for individual plots, but it seems safe
1o psstrne that proximity o water andfor roads would bave resulted movery different levels of use
From plot 10 phot-nd fom e o veir. While samphing over the past T decades, we have seon
evidence of bvestock use on some plots In somw years, while there are others where we bave
never seen exidence of fivestodk. For the anslvses meloded herain, woincluded dats from el of
the plovs within the area open to bvestock grazing with the exception of seven plots on steep
porupns of Big Southern Butte, ome steep phot on Easy Butte, und paws plots’in areas that were
ploswed and seeded w A gropyeon desertoram. This kel 2 sample 0f 32 perpheral plots. We
emphasize that because of the differonces in environment and i haterogeneiry betwees the core
and peripheral plots, and because of the other confounding fotors mentioned, # ssnot possible 1o
draw infersnces or conchisnions reparding the offects of grazing singe 19 ‘iii' Although we campare
the tresds on the core snd periphecal pdots, this offort must aot be constromd a5 2 grazed vs

ungrazed grea stady
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For some analyses concerming relationships berween speries richness and cover or changy
in cover, we combined data from the core and peripheral plots. Here, we were looking for
landséape scale patterns, and, becsuse vegetation trends were similar on the core and peripheral
plots, we saw 1o reason o notinclude peripheral plots tor ke shie sample as large as possible

Vegeuntion Sampding. Cover, density, and trequency were assessed during June, July, and August,
according to the oniginal sampling destgn {sce Andersor eral. 1978 for details). Two paralie!

15 24-m transect lines were established in 1950 a1 each plot (Fyg 1) Crown cover of strubs and
basal cover of perennial grasses wers measured by fine interception {Canfield 1941) slong the tey
ranseet fines (in the onginal sampling design, cover esimares were Hmited 1o shiubys and
perenmial grassesy  Ten density quadrats (each 6 3% | mp were ncwed a1 1 32-m mtervals along
each transect fine Urensity of all perennsal speciey was recorded for each of'the 20 quadrses,

annmsis were iventoried 1 8 € 1« 0. b-m subsection of each guadrat

Recause the onigingl snmpling desten did notestumate abundance for all growth forms on &
common scale, we estimated cover in 1985 and 1945 by pont interception (Flovd and Anderson
1982) A 05<x Lan point sighting frame, with 3 pomnts st & Tt inservals, was centerad at f-m
imtervals over g taut tape The plant speaies or other entity (e g bare ground) under cach povm
was reeorded 1 estimate canopy cover of shrubs and forbs and bassl vover of graminmds. Fifteen
frames were examined on vach of the origmal transect hner, 20 additional frames were examimed
o g third Bine 20 nyin length, providing 2 tommd sample of 30 frames per piot. The 20-m e was
paraiiel 1o the orignal wansecrs, 4 37 m from the line farthest from the plot identsfication stake.
We used these data to estmate the relative contrtbutions of shrubs, pereoaial grasses, perennial
forbs, and anmeals w vepetal cover. We compare vegetative structure of the eore plots using daa

for 1985 and 1993, and we compare stracture ol core with penphersl plots usimg 1995 data

Dty Anofeses. Becawse of diserepancies in the idemification of grags species formerly classified
e the genus Agropyeos asd in'the geaus Poo by different investigators over the 43-vear period,
the species 16 each of these groups were pooled for the current analyses  For convemence, we
refer o the first group as the Tagropyrons,” included are Pueadorocgneria spioima, Elymas
fancealams. and Pacopnrum smitbis - Of these species, Elvees lanceolatus ts by far the most

sbundant and widespread on the core plots.
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For analyses of density data from 1950 and 1937, the sample size was less than 47 because
ke original duts sheets gre missing. We bsve no density data for plor 82 in 1950 and for plots 86 .

-and plot 88 through 93 for 1957 Thus, the s;ampii:vsizc for densiy wnlvees was 46 Tor 1950 and

40 for 1957

We tested forrelationships berween cover and precipistion using both annual {September
throvgh -'Augustﬁ} wnd growing season {April through July) precipitation. For cach of the more
ahundar species or species groups, cover was correlated with precipiation in the census ves,
wath precipitation inedch of the 5 veurs mcc&:&iugmﬁ census vear, and with précipimiﬂn of the
gensus year avesaged with 110 4 preceding vears. Sample size for these analyses was nine, with
sach point representing average cover on the 47 cove plotsand precpitation’ for & simgle year o
sverage. The resulting relationships were compared to see which value for precipgation was the

hest prechetor of average cover

W adibressed relatronships between cover and species richness i twe ways, and
separgiely fonshrubs and for perennial grasses. First, for each sample vear we correlated total
cover of strubs or perenmal grasses with species nchness of the same group o mdividual plos.
Sample sizes for these analvses ranged from 34 10 79 plods, depending oo the mumber of plows thar
were sampled g given vear. Second, we correlated sverage cover of shrubs and of perennial
prasses over the ¥ census vears with sverage spesies nehmess of each group over the same % years

bor this analvsis we nsed the subset of 35 plots that was ssmpled in vach of ¥ sumple vears.

We also asked whether variation in cover of shrubs or perenmal yrasses was correlated
witls gpecios nchness of those groups This quesuon wes addressed i two ways. Frrst, we
coleudated change in cover by teking the absohste vahue of the change i cover-of all sheabs, or ol
perannial grasses, between sach sdiacent prir of censubes snd aversging those 8 values for each
piot Wi then correlated sverage change in cover with avesage species richness for the ¥ census
dates. We performed this analysis for the subset of 35 plots that were sampled a1 every census,
and also for o subset of the 79 plons that were sampled in 1950, 1957, 1965, 1975, 1985, and 1993
Second. we caleulated standard deviation and voelfivient ofivaristion of cover sepurately for
strubs and for perenmiad grasses and curralated those values withoaverage species richness for the
same 9 sarple years This anslysis was performed for the subset of 35 plots that were sampied at

every census. 1o addition 10 these analyses of relationsbips betwern speciesrichness and pover o
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change in cover. whnch were done separately for shrubs and for perennial grasses, we performed

similar analyses for combined cover and species nichness of shrubs and perennmi grasses.

Tergssess changes in similacity among plots through time we valeulated peroent similarity -
{PS = sum of pummum proportons! abundince of cach species) of plots thar were sampled in
each census vear  PS was calecufated for each pair of plotsand the averaye of all parwise indives

was catculated for each vear  Thuse annual gverages were then plotted agatnst time

Resuits

Lamyg-term trends o precipifoton, In 1930 when the Tirst veustation samples were taken &t the
INEEL, the ares was in the depths of an intense drought, in the 2 decades preceding the 1937
census, amusl precipitation excended the long-term mean s;m'lyj four times (F i 33 Fiveeyear
sliding averages show a generaliv decreasing trend in total annusl a8 well 43 growing season
pregypitation from the early 19005 through the mud 1930, gnd they clearly indiaate the dunigion
and seversty ol the drowght i the 1530, 1940, and early 1980's (Fig. 3y After 1935,
preciprtation imcreased markediv, and the shding sverages generally wore above the losg-tenm
averages from the fte 1950% trough the mid 1970%  Droaght i the age 19700 was followed by
above average precipitation in the ewrly 1980 Drought prevailed again in the fate 1980 and
early 1990, but 1953 and 1995 were excoptiomally weet vears {June of 1995 was the wettest
month of record st the Central Tacilines Stanon) The five-veasr slidu averags of anmual
iSeptember 1 - Auguat 31) precipaasion is protted for reference on same fgores thar follow
Vegretad Compuosttions of Core and Peripharal Plots. Table 1 summarizes cover data collected ia
RS and 1993 by potnt phercepton Despite relmively high p:ee:zpit;m{};x o the garly 1980,
wtal vascular plast vover was much higher i 1993 than in 1983 on the core plots (24% m 1985
vs 38%an 1993} Although absohae shrub cover diffesed little bebween the 2 years, shrubs
contributed 73% of the totad cover sn 1985 butonly 3696 an 1995 Ceamsooid cover more than
doubled in the decade and refatre cover of graminids incressed from 10w 15%: Absulute cover
of pergnmial forns was slso more than teo-fold hugher in 1995 than in 1985, and their relative
cover increased from 3010 7 s The langest deflerence m absolute cover berween the 2 sample
years was that of annuals and bienntals, which was over four times higher in 19535, relative cover
of this group increased from 1040 25%  Cover of introduced anmuals and bienntals was 13 tmes

Pagher i 1995 than in 1985
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In 1995, total vascular plant cover was nearly identical on the core and peripheral plots
{Table 1}, The contributions of shrobs and perennial grasses 1o total cover were also guite similar
onthe core and peripheral plots {Table 1} Fourteen species of shrubs were recorded in the poim
frame data on the ge:iﬁhgial plots, compared with 11 oa the core plots. Fowr species of Artemiva
occurred on the peripheral plots, while only Aramisiv fridertata was vecorded o the core plots,
reflesting the-muth greater habuat diversity on the mré;:rhmf plots,

Perennial forbs contributed 10.3% of the vascular plant cover on the peripheral plots in
1995 { Table 1), vompared 10 7.7% oo the core plots. However, the largest difference between the
two sets of plots was in cover of annuals and bienmials. In 1993, this group contributed 253% of
the vascular plant cover on the core plots, but only 13% on the peripheral plots. The cover of
native and introduced annuals and bienntals on the core plats was essentially equal in 1995,
whaoreas on the peripheral plots native snnuals and biennials produced twice the cover of
weroduced ones (Table U On both core and peripheral plots, there were wmore native annual gmi
beenmal species thin introduced anes  Twentv-seven native species of annuals and blennials were
recorded on the core plots in 1995, compared with nine introditced species, on the periphieral

plots, there were 22 native and 10 introduced species

Bromey fectorum wis present o6 mne of 27 peripheral plots a1 the first census in 1950 and
was recorded on nearly haif of the peripheral plots i 1993 {Table 2. B reciorion was noy
recorded on any core plot prior to 1975, but was recorded on more than 5% of the core ploty
samyrled 15 1990 and 1995, As the most shundant annusl on the corg plots in 1995, B womewn
geeounied for ¢.6% of vascular plant cover (Table 1) Since 1985, the range of B reciorum
densitivs on the tore and peripheral plots has heen similar, much higher densities were recorded

on some penpberal plots pror o 1985 {Takde 2}

Luwg-ternr sends in gt cover. Bhrubs have dominated eover on the core and peripheral plots m
all sample veass (Fig. 41 On the core plots, shrub cover raaged from 7% 00 19% and 1957w s
igh of 25%n 1975 A smlar trend wocurred o the periphersl plots (Fig 43 In both cases, the
domunany shruby was dremiaa ridearra. which contributed 83% of the shrub cover an the core
plots in 1950 AL tridemare contriuted much less o votal cover on the perpheral plots {Fig 4)
where there 183 larger diversity of shrubs across the sample plots (Table 1) The decrease in

shrel coveratrer 1975 (Figs 4, %) was due to widespread die-off of 4. tridentasa




